Adenosine participates in the coupling of ce rebral blood flow to oxygen consumption in the brain during such stimuli as hypoxia, ischemia, and seizures. It has been suggested that it also participates in the regula tion of cerebral blood flow during somatosensory stimu lation, a condition during which cerebral blood flow and oxygen consumption appear to be uncoupled. Interstitial adenosine was estimated by the microdialysis technique and cerebral blood flow was measured by hydrogen clear ance in the hindlimb sensory-motor cortex during sciatic nerve stimulation. Cerebral blood flow increased from 102 to 188 ml min -1 100 g -1 (p < 0. 001) in the cortex con-
Mechanisms regulating cerebral blood flow re sponses to peripheral stimulation have not been clearly defined. Evidence suggests that adenosine, a known cerebral vasodilator, released in response to a local deficit of O2 during cortical activation may play a central role in regulating cerebral blood flow (Ko et al., 1990) . However, there is not universal agreement that a local deficit of O2 actually occurs in response to neuronal activation caused by nerve stimulation. Local cerebral blood flow and cerebral O2 consumption are uncoupled in humans during both somatosensory and visual stimuli (Fox and Ra ichle, 1986; Fox et al., 1988) . These studies suggest that cerebral blood flow changes are mediated for purposes other than correcting a local tissue O2 def icit during peripheral nerve stimulation.
The current study was undertaken to determine whether adenosine regulates cerebral blood flow during peripheral nerve stimulation. In an attempt tralateral to the stimulated leg without an associated increase in interstitial adenosine (baseline 0.624 IJ-M, stimulation 0. 583 IJ-M). Infusion of the adenosine antago nist 8-sulfophenyltheophylline failed to block an increase in cerebral blood flow during central sciatic nerve stimu lation, but decreased basal cerebral blood flow (69 ml min -1 100 g -1 ) . These results suggest that adenosine does not mediate changes in cerebral blood flow during so matosensory stimulation, but may participate in the regulation of cerebral blood flow in the basal state. Key Words: Adenosine-Cerebral blood flow-Sensory motor cortex.
to answer this question, we made simultaneous measurements of interstitial adenosine and local cortical blood flow in the hindlimb sensory-motor cortex of the rat with the combined microdialysis hydrogen clearance technique in the presence and absence of the nonspecific competitive adenosine antagonist 8-sulfophenyltheophylline (SPT). We also determined the effect of SPT on basal cortical blood flow and measured the time course of cere bral blood flow changes in response to peripheral nerve stimulation with laser-Doppler flowmetry.
MATERIAL AND METHODS

Preparation
Adult male Wistar rats (300-450 g) were used in the experiments. The experimental protocol was approved by the Animal Research Committee of the University of Vir ginia and conforms to the NIH guidelines for the care and use of animals in research. The animals were initially se dated with 60 mg/kg i. p. sodium thiamylal and supple mented with trifluoroethane administered by nose cone. Anesthesia was maintained during surgery with 1.0-1.5% trifluoroethane, and the dose was reduced to 0.5-1.0% for the remainder of the experiment. Additional local anes thesia was provided by applying 2% viscous lidocaine to the incision sites for the tracheotomy, femoral line place ment, and craniotomy.
Animals were ventilated throughout the experiments to maintain pH at -7.35-7.40, Paco2 at -35 mm Hg, and P a02 at -150 mm Hg with a mixture of oxygen and ni trogen. Femoral arterial and venous cannulas were in serted to monitor arterial blood pressure, heart rate, and arterial blood gases and to infuse maintenance fluids throughout the experiment. Normal saline at 7 mllkg/h was administered continuously via the venous line. Tem perature was monitored with a rectal probe and main tained at 37°C with a warming blanket.
The animal's head was secured in a stereotaxic frame for bilateral placement of the microdialysis cannulas in the hindlimb sensory-motor cortex. The coordinates for this area (1. 5-4 mm lateral and 0.3-3 mm posterior to the bregma) were obtained from a stereotaxic atlas (Paxinos and Watson, 1986) . A 2 x 2-mm area of the skull was removed with a variable speed drill over the posterior parietal cortex but away from the hindlimb area to allow for horizonal introduction of the cannulas into the super ficial cortex. A thin layer of bone was left intact while drilling and removed with forceps under microscopic ob servation to minimize trauma to the cortex. Cannulas were mounted horizontally on the stereotaxic arm and advanced to predetermined coordinates that would place the hindlimb sensory-motor cortex between the tips of the inflow and outflow silica tubes within the microdialysis cannula. The distance between the tips constitutes the effective dialyzing area of the cannula (Van Wylen et aI., 1986) . To assist in cannula placement, the rat's head was elevated by raising the nosepiece of the stereotaxic frame and the cannulas advanced = 1 mm into the posterior pa rietal cortex. The head was then lowered to the neutral position and the cannulas advanced horizontally into the predetermined position with the micromanipulator. A schematic of cannula placement is shown in Fig. 1 . Once the cannulas were in place, the area of the craniotomy was sealed and the cannulas fixed in position with dental cement. The animals were then removed from the stereo taxic apparatus and allowed a 90-min postsurgical equil ibration period in the anesthetized state.
In four animals, laser-Doppler flowmetry was used to measure changes in local microvascular flow during brief (30-s) stimulations. In these animals, the parietal skull FIG. 1. Schematic of combined microdialysis-hydrogen clearance cannula within hindlimb sensory cortex (area within dashed lines). Point at which cannula penetrates pos terior parietal cortex is indicated. Vol. 12, No.5, 1992 directly over the hindlimb sensory-motor cortex was re moved and the probe tip positioned over the area with the stereotaxic arm. The dura was left intact and care was taken to avoid placement over large vessels to obtain a stable baseline reading. Proper positioning was verified by noting an immediate increase in flow during sciatic nerve stimulation.
During each experiment heart rate and blood pressure were continuously recorded. Since blood pressure and heart rate remained stable throughout, except during the period of hypoxia, a single measurement was taken at the end of each IO-min time period. In the experiments with laser-Doppler flowmetry, cerebral blood flow was con tinuously recorded. For presentation, flow data were obtained at 20-s intervals during the baseline and the re covery periods and at 2.5-s intervals during stimulation. The data are presented as percentage change from base line at each time point.
After baseline data were obtained, either the contralat eral or both sciatic nerves were isolated for stimulation, depending on the experiment to be performed. Briefly, the nerve was isolated and severed proximal to its divi sion into the tibial and peroneal nerves, and stimulating electrodes were placed on the proximal end. Parameters used for stimulation (0. 2 V, 5 Hz) were those shown to produce minimal cardiovascular effects in other studies (Ngai et aI. , 1988) .
Brain dialysis technique
The modified brain dialysis technique used in these studies as adapted from the technique of Johnson and Justice (1983) has been described in detail (Van Wylen et aI., 1986 . The dialysis probe consists of a single hollow dialysis fiber, one end of which is sealed with epoxy. The membrane's diameter is 300lLm and it has a molecular mass cutoff of 5 ,000 Da. Two hollow silica per fusion tubes are inserted into the dialysis fiber with a 3-mm separation of their ends. To make estimates of cor tical blood flow with the hydrogen clearance technique, a platinum wire (bare diameter 0. 01 mm) is included in the cannula. The coating is removed from =5 mm of either end and one end is inserted into the membrane.
Following insertion, the inflow silica tube was con nected to an infusion pump and the dialysis cannula per fused at 0.5 ILlImin. The effluent was collected from the outflow silica tube and stored at -80°C.
The electrolyte concentration of the artificial CSF was as follows (mM): KCI 3, MgCl2 0. 65, NaCl 131. 8, NaHC03 24.6, urea 6. 7, glucose 3. 7, and CaCl2 2. The CSF was filtered, warmed to 37°C, and bubbled with 95% N2/5% CO2 until it was drawn into gas-tight syringes to be perfused through the microdialysis cannulas. This pro duced a solution with pH 7. 27 ± 0. 10, Pco2 44 ± 13 mm Hg, P02 28 ± 10 mm Hg, and HC03 19 ± 3 mmollL. This is similar to the P02 measured in CSF and brain tissue (Leniger-Follert and Lubbers, 1976) and has been shown to optimize the possibility of detecting local changes in interstitial adenosine if they occur (Park et aI. , 1987) . In experiments in which SPT was administered, an aliquot of CSF was used to make a 10-3 M solution of SPT.
Local cerebral blood flow measurement
Hydrogen clearance. The use of the hydrogen clear ance technique for measurement of cerebral blood flow in the area surrounding the dialysis cannula has also been described in detail previously (Pasztor et aI., 1973; Van Wylen et aI., 1989) . Local cerebral blood flow is calcu lated from the time required for the levels of hydrogen introduced and then removed from the inspired air to fall from 90 to 40% of maximum using the following formula (Pasztor et aI., 1973; Young, 1980; Van Wylen et aI., 1989) :
x 100 time mm Laser-Doppler flowmetry. Laser-Doppler flowmetry has been used to detect changes in brain cortical micro vascular blood flow during nerve stimulation (Suzuki et aI., 1990) and has been described in detail previously (Stern et aI., 1977; Haberl et aI., 1989a,b) . The depth of tissue illuminated has been estimated to be -1 mm in renal tissue (Stern et aI., 1977) but may vary with the type of tissue. Laser-Doppler flowmetry estimates the volume and velocity of moving cells within the illuminated area by measuring the number of and degree to which return ing photons are Doppler frequency shifted.
Reports vary on the accuracy of laser-Doppler flow me try to measure actual flows as compared to micro spheres or hydrogen clearance; however, agreement is universal that changes in flow measured with laser Doppler flowmetry correlate well with those measured by other techniques (Stern et aI., 1977; Haberl et aI., 1989a,b) . Recent articles utilizing this technique for esti mation of changes in cerebral blood flow (Suzuki et aI., 1990 ) report data as percentage changes from baseline, as is done here.
Protocols
Three groups of experiments were performed. In group I (n = 15), cerebral blood flow and interstitial adenosine levels were measured in the hindlimb sensory-motor cor tex both ipsilateral and contralateral to the sciatic nerve that was stimulated. Baseline measurements were made after the 90-min equilibration period. The sciatic nerve was then isolated and stimulated for 10 min, during which time a second set of measurements were made. An equil ibration period of 30 min elapsed before recovery mea surements were obtained. One hydrogen clearance mea surement of local cerebral blood flow was made at the beginning of each time period. Dialysate samples were collected over a lO-min period to yield an adequate sam ple (5 f.Ll) for analysis.
To validate the technique, nine animals in group I were SUbjected to a to-min period of hypoxia achieved by ven tilating with 10% O2/90% N2• Local cerebral blood flow measurements were made and samples obtained for HPLC analysis. All hypoxia trials were performed after the sciatic nerve stimulation trials. Animals were killed with an overdose of anesthesia at the completion of the experiment.
In group II (n = 23), one of the microdialysis cannulas was perfused with artificial CSF while the other was per fused with 10 -3 M SPT in artificial CSF. Both sciatic nerves were isolated and stimulated simultaneously. Af ter the postsurgical equilibration period, local cerebral blood flow measurements were made during baseline, stimulation, and recovery.
Group III consisted of rats in which the response time of cerebral blood flow changes to brief stimulation was determined. Flow was measured with laser-Doppler flowmetry during eight trials in four animals. Measure ments were made during 60 s of stable baseline flow, during 30 s of stimulation, and for 100 s after the end of stimulation. The animals were left in the stereotaxic ap paratus throughout the experimental period to allow fixed stable placement of the laser-Doppler probe tip.
Analytical procedures
The perfusate samples were analyzed for adenosine by reverse phase HPLC. Samples were diluted with 70 f.LI of the HPLC buffer. Forty microliters of the diluted dialy sate samples were injected onto a CI8 reverse-phase col umn (5 f.Lm; Supelco) and eluted against a buffer gradient (l00 mM KH2P04/1% methanol at time 0 to too mM KHzP04/25% methanol at time 23 min) at a flow rate of 1.3 ml/min. Absorbance was monitored continuously at 254 nm. The adenosine peak was identified and quantified by comparison with a standard curve run with each set of samples. Data were processed and stored using Beckman System Gold software on an IBM PS2.
Samples of artificial CSF and 0.2-ml samples of arterial blood were analyzed on a Corning 178 pH/Blood Gas An alyzer.
Statistical analysis
Two-way analysis of variance (ANOV A) for repeated measures was used to compare cerebral blood flow and adenosine measurements made in groups I and II. The Newman-Keuls mUltiple comparison procedure was used to determine where statistical differences occurred if a difference was detected with ANOV A. Changes in cere bral blood flow before, during, and after stimulation ob tained with laser-Doppler flowmetry and hemodynamic and blood gas data were compared with one-way ANOV A. Cerebral blood flow and adenosine measure ments obtained during hypoxia were compared with their respective baseline values with paired t test in the nine animals in which a hypoxia trial was performed. In all cases p < 0.05 was considered significant.
RESULTS
Hemodynamic and arterial blood gas data for the experiments in groups I and II are shown in Tables 1 and 2. Sciatic nerve stimulation did not affect pH, Peol> Po2, or HC0 3 • Mean arterial pressure and heart rate did not change during stimulation.
In group I animals baseline blood flows were equal in the right and left hindlimb sensory-motor cortex (Fig. 2) . Stimulation of the sciatic nerve with 0.2 V, 5 Hz caused an increase in flow from 102 ± 36 to 188 ± 92 ml min -I 100 g-I (p < 0.001) in the cortex contralateral to the stimulated leg, while flow in the ipsilateral cortex was not increased sig nificantly (104 ± 48 to 123 ± 47 ml min -I 100 g-l ). After stimulation, flow recovered to baseline level in the contralateral cortex (101 ± 35 ml min -I 100 g-I ) and remained unchanged in the ipsilateral cor tex (109 ± 52 ml min -I 100 g-l ). As depicted in Fig. 3 , baseline adenosine levels in group I animals were equal in the contralateral and ipsilateral hindlimb sensory-motor cortex (0.624 ± 0.212 vs. 0.649 ± 0.203 fJ.-M). There were no detect able changes from baseline levels during stimulation or recovery in either the contralateral or the ipsilat eral cortex. Baseline, stimulation, and recovery adenosine levels did not differ between the contra lateral and ipsilateral cortex. Inosine and hypoxan thine levels were also measured in these experi ments (data not shown), and no increase occurred in either during stimulation.
The arterial blood gas data and hemodynamic measurements during hypoxia are shown in Table 1 . As expected, hypoxia decreased Pao2, Paco2, and HC0 3 . Mean arterial pressure and heart rate fell during the period of hypoxia. Adenosine levels in creased from 0.633 ± 0.163 to 3.874 ± 1.525 fJ.-M during hypoxia and cerebral blood flow increased from 96 ± 38 to 258 ± 87 ml min -I 100 g-I (Fig. 4) .
In group II animals, 10-3 M SPT decreased basal cerebral blood flow from 99 ± 37 to 69 ± 23 ml min -1 100 g -1 but did not inhibit the increase in cerebral blood flow associated with sciatic nerve stimulation ( Fig. 5 ). Cerebral blood flow increased 54% on the side that received SPT (69 ± 23 to 106 ± 39 ml min 100 g), while it increased 45% (99 ± 37 to 144 ± 44 ml min-I 100 g-I ) on the control side. Cerebral blood flow returned to baseline levels on both sides, but the side that received SPT remained lower than the control side (84 ± 33 vs. 117 ± 39 ml min -I 100 g-I ).
As shown in Fig. 6 , flow began to increase by 2.5 s and was significantly greater than baseline at 7.5 s in group III animals. Flow continued to increase throughout the stimulation period and reached 179 ± 26% of baseline at 30 s. It returned to 120 ± 25% of control flow 80 s after cessation of stimulation.
DISCUSSION
The significant finding of this study is that local interstitial adenosine levels do not increase during sciatic nerve stimulation despite an associated in crease in local cerebral blood flow. In addition, the adenosine antagonist SPT decreases baseline cere bral blood flow but fails to prevent an increase in flow during sciatic nerve stimulation. These data suggest that adenosine does not mediate cortical blood flow changes caused by peripheral stimula tion. It does, however, suggest that adenosine par ticipates in blood flow regulation in the basal state.
The tight coupling of cerebral blood flow to func tional activity of the cortex has been demonstrated repeatedly both in animal models and in humans with a variety of techniques including \33 Xe clear ance, combined H2 clearance and evoked poten tials, positron emission tomography, mass spec trometry, laser-Doppler flowmetry, and combined pial vessel diameter and evoked potentials (Lassen et aI., 1978; Leniger-Follert and Hossmann, 1979; Yaksh et aI., 1987; Ngai et aI., 1988; Seylaz et aI., 1988; Posner et aI., 1988; Cameron et aI., 1990; Pe tersen et aI., 1990; Suzuki et aI., 1990) . Blood flow changes are tightly coupled to functional activity and cerebral blood flow responses to somatosenso ry stimulation of lips, fingers, and toes and to visual stimuli as measured by positron emission tomogra phy have produced detailed functional anatomic maps of the cortex (Fox et aI., 1987; Raichle, 1990) .
Multiple potential mediators have been tested in an attempt to define the mechanisms involved in the regulation of cerebral blood flow during peripheral nerve stimulation. Blockade of both adrenergic and cholinergic receptors has been shown to have no effect on the percentage increase in pial vessel di ameter in response to both direct cortical stimula tion and peripheral stimulation (Yaksh et aI., 1987; Ibayashi et aI., 1991) . aI., 1987; Seylaz et aI., 1988; Suzuki et aI., 1990) . Preincubation of pial vessels with vasoactive intes tinal peptide antiserum resulted in significant but not complete reduction in vasodilation produced by both direct cortical and mesencephalic reticular for mation stimulation (Yaksh et aI., 1987) . In this study, Yaksh et aI. (1987) suggested that the in crease in nutritive flow occurred prior to the onset of a metabolic deficit rather than in response to one during cortical activation. Neurogenic control of cerebral blood flow from nonadrenergic, noncholinergic nerves should also be considered. The vasodilator released in response to stimulation of such nerves is nitric oxide (Boeckx staens et aI., 1991) , and inhibitors of nitric oxide synthase block the response to stimulation of non adrenergic and noncholinergic nerves (Toda and Okamura, 1991) . Nitric oxide is released by neurons in response to stimulation by excitatory amino acids (Garthwaite et aI., 1989; Southam et al. 1991 ) and could potentially be the link between cortical acti vation and the associated local increase in cortical blood flow.
Other studies have focused on adenosine as a po- tential metabolic mediator of cerebral blood flow during peripheral stimuli. Ko et al. (1990) have dem onstrated that the addition of theophylline to the artificial CSF perfusing a cranial window prepara tion attenuates the increase in diameter of pial ves sels caused by sciatic nerve stimulation by �50%. They also demonstrated that the pial vessel diame ter changes are accentuated in the presence of ino sine and dipyridamole. From these results, they concluded that adenosine participates in cerebral blood flow regulation in response to peripheral stimulation (Ko et aI., 1990) .
The adenosine hypothesis for the regulation of cerebral blood flow states that adenosine release is enhanced when there is a mismatch between local blood flow and local metabolism and an area of the brain receives an inadequate oxygen supply for a given level of metabolism (Van Wylen et aI., 1986) . It has been demonstrated in the present study and in studies by others, using a variety of techniques, that whole-brain and local interstitial levels of adenosine increase sufficiently and within an appropriate time frame to mediate local changes in cerebral blood flow under conditions of altered oxygen supply and demand (Van Wylen et aI., 1986; Winn et aI., 1979 Winn et aI., , 1980 . However, studies have demonstrated that during both central and peripheral cortical activa tion, brain tissue P02 actually increases (Leniger Follert and Lubbers, 1976; Seylaz et aI., 1988) . With positron emission tomography it has been shown that the cerebral O2 consumption increases only 5%, whereas local cerebral blood flow in creases 50% during somatosensory and visual stim uli in the human (Fox and Raichle, 1986; Fox et aI., 1988) . As a result the O2 extraction fraction de creases significantly during cortical activation (Fox and Raichle, 1986; Fox et aI., 1988) . The combina tion of these findings suggests that an adequate stimulus for adenosine release may not exist during cortical activation caused by peripheral stimuli. The lack of a locally detectable increase in adenosine associated with the increase in cerebral blood flow, and a continued increase in cerebral blood flow in the presence of SPT during sciatic nerve stimula tion, as shown in this study, are consistent with this hypothesis and the findings of Fox et al. (Fox and Raichle, 1986; Fox et aI., 1988) .
A possible reason for the discrepancy between our findings and those of Ko et al. (1990) is that adenosine participates in the initiation of increases in cerebral blood flow in response to peripheral nerve stimulation but not in the maintenance of the response. This type of response has been suggested as a method of blood flow regulation in other organ systems (Sawmiller and Chou, 1990) . Observation of duration and onset of pial vessel diameter changes in the presence and absence of adenosine agonists and antagonists could potentially provide more evidence about adenosine's role as an initiator of cerebral blood flow changes. Conversely, the rel atively prolonged times required for the hydrogen clearance technique of cerebral blood flow mea surement and microdialysate collection are best adapted to assessing adenosine's potential role in the maintenance of cerebral blood flow changes. It is possible that significant, brief initial increases in interstitial adenosine levels may be masked during a 10-min collection period. However, under other conditions where adenosine clearly participates in the regulation of cerebral blood flow, increases in adenosine are detectable throughout the duration of the stimuli (Van Wylen et aI., 1986; Winn et aI., 1979 Winn et aI., , 1980 . This was also true in our hypoxia ex periments.
A possible anesthetic effect must be considered when results suggest flow/metabolism uncoupling, as they do in this case. It has been shown that con tinued coupling of cerebral blood flow and metabo lism exists in the rat receiving trifluoroethane in doses very similar to those used in this preparation (Hansen et al., 1989) . Therefore, our results cannot be explained on this basis. It is also highly unlikely that the short -acting barbiturate used for induction of anesthesia had any effect during the experimental period.
The effect of cannula placement on the patholog ical state of the tissue must be addressed whenever the combined microdialysis-hydrogen clearance technique is employed. In identical preparations, it has been shown that interstitial adenosine levels re turn to basal levels within 60 min of cannula inser tion (Van Wylen et aI., 1986) . Interstitial adenosine at 60 min after cannula insertion in our experiments was 0.634 ± 0.206 fLM (data not shown), not differ ent from levels at baseline. Additional data from identical preparations also suggest that cerebral re activity as judged by response to hypercarbia is nor mal after a 90-min postsurgical recovery period (Van Wylen et aI., 1988) .
The use of combined hydrogen clearance and mi crodialysis to detect local changes in cerebral blood flow and interstitial adenosine in response to infu sion of adenosine, adenosine analogues, and aden osine antagonists through a microdialysis cannula has been previously demonstrated to be effective (Van Wylen et aI., 1989) . These data demonstrated that infusion of a 10-3 M solution of SPT is both necessary and sufficient to completely block the lo cal increase in cerebral blood flow caused by simul taneous local infusion of an adenosine agonist. The results also suggest that although the cortical area represented by dialysis measurements and the area that contributes to hydrogen clearance estimates of cerebral blood flow may not be identical, there is sufficient overlap to detect differences in cerebral blood flow and interstitial adenosine levels when they exist.
Use of a hydrogen clearance technique that em ploys local generation of H2 ions has shown that the area of cerebral blood flow changes in response to forepaw stimulation in the cat is very small (1-2 mm in diameter) and that the cerebral blood flow re sponses occur in the area where changes in evoked potentials are the greatest (Leniger-Follert and Hossmann, 1979) . Because we detected a well 10calized cerebral blood flow response to sciatic nerve stimulation, it follows that any changes in potential mediators should also be most evident in that area.
It has been demonstrated that whereas cerebral blood flow and pial vessel diameter both decrease with systemic administration of theophylline, topi cal application of theophylline fails to produce a decrease in pial vessel diameter (Magnussen and Hoedt-Rasmussen, 1977; Morii et aI., 1987) . Be cause the administration of SPT through a microdi alysis cannula produced a decrease in baseline ce rebral blood flow, it appears to more closely resem ble the effect of systemic administration of theophylline than the effect of topical application of theophylline. Therefore, it is possible that under basal conditions, topical theophylline does not have access to the receptors primarily responsible for regulation of cerebral blood flow. Another possibil ity for the difference between our studies and those of Ko et al. (1990) is that the topical application of theophylline produces a decrease in cerebral blood flow not detected by observation of pial vessel di ameter changes. The subsequent increase in diam eter in response to stimulation in the presence of theophylline might then represent a greater increase in flow than is evident by pial vessel diameter changes. Additionally, topically and systemically administered theophylline appear to be more effec tive as an antagonist during hypoxia than during sciatic nerve stimulation. Topical and systemic the ophylline block 88% of the response to hypoxia, whereas topical theophylline blocks only 50% of the response to sciatic nerve stimulation (Morii et aI., 1987; Ko et aI., 1990) .
Our findings with laser-Doppler flowmetry also suggest that actual measurements of cerebral blood flow and observation of pial vessel diameter change may differ during brief periods of sciatic nerve stim ulation. Flow began to increase at 2.5 s after the onset of stimulation and was significantly greater than baseline by 7.5 s. Flow continued to increase throughout stimulation. These findings are consis tent with those of others who have reported rapid and sustained increases in cerebral blood flow dur ing nerve stimulations of 30-180 s (Leniger-Follert and Rossmann, 1979; Yaksh et aI., 1987; Suzuki et aI., 1990) . This pattern of continually increasing ce rebral blood flow during sciatic nerve stimulation is very different from reported changes in pial vessel diameter during sciatic nerve stimulation. Pial ves sel diameters increased during the first 10 s of sci atic nerve stimulation and then fell to a plateau at submaximal levels by 20 s and remained stable until nerve stimulation was stopped (N gai et aI., 1988) . This suggests a discrepancy between cerebral blood flow measurement and pial vessel diameters; flow may actually increase in the cortex, while pial ves sel diameter decreases or plateaus at submaximal levels.
The observation that basal cerebral blood flow is decreased in the presence of SPT is controversial, with both supportive and contradictory studies re ported in the literature (Magnussen and Roedt Rasmussen, 1977; Morii et aI., 1987; Van Wylen et aI., 1988; Martin et aI., 1991) . While a direct effect on cellular metabolism cannot be conclusively ex cluded, there appears to be no direct metabolic ef fect of the drug in the heart. Observations of myo cardial O2 consumption indicate no change during infusion of a dose of theophylline that produces an increase of 31 % in coronary resistance under nor moxic conditions (Martin et aI., 1991) . In the ab sence of a direct effect of SPT, it is possible that the response we observed is the result of inhibition of the vasodilator effect of a basal release of adeno sine.
In summary, we have found that local adenosine release and cerebral blood flow in the hindlimb sen sory-motor cortex are uncoupled in the rat during sciatic nerve stimulation. We have also demon strated that local infusion of SPT attenuates basal cerebral blood flow, but fails to prevent a significant increase in cerebral blood flow during stimulation. From these results, we conclude that adenosine may be involved in the maintenance of basal cere bral blood flow, but does not mediate the CBF changes that occur during sciatic nerve stimulation.
